TITLE OF THE INVENTION 

"'" ELECTRO-OPTICAL DEVICE AND DRIVING METHOD FOR • THE SAME 

BACKGROUND OF THE INVENTION . 

1. Field of the Invention 

The^ present invention relates to a display at\6 a driving 
system for -the same and. more particularly to a display driving 
system utilizing complimentary thin film gate insulated < field 
effect transistors suitable for used in liquid crystal displays. 

2. Description of the Prior Art 

There have been well known in the art active - liquid 
crystal displays which are driven by thin film transistors (TFTs) . • 
The displays of this type comprise visual panels and peripheral, 
circuits for driving the panel. The peripheral circUit is formed 
by attaching a single crystalline chip containing integrated 
circuits on a glass substrate by tab-bonding or COG (chip oh 
glass) . The visual panel comprises a plurality of pixels* each 
being provided with a driving TFT. The TFT is Usually ah N-channei 
FET formed within an amorphous or polycrystaliine' semiconductor 
film which is electrically coupled to a respective pixel. 

Fig.1 is a diagram illustrating the equivalent circuit 
of an exemplary liquid crystal display. The diagram shows only a 2 
x 2 matrix for the sake of convenience in description whereas 
ordinary liquid crystal displays consist of more great numbers of 
pixels such as those in the form of a 640 x 480 matrix, a i260 X 
960 matrix and so on. The liquid crystal display includes a liquid 
crystal layer 42 disposed between a pair of glass substrates 1 1 
and 11 ' as shown in Fig. 2. Numeral 54 designates a polarizing 
plate. The inner surface of the glass substrate 11' is coated with 
a ground electrode 53. The inner surface of the other substrate 11 
is provided with a plurality of conductive pads each constituting 
one pixel of the display. Each conductive pad are formed together 
with an N-type FET 51 whose source is electrically connected with 
the corresponding pad. The drains of the FETs on a similar row in 
the matrix is connected with a control line of the row to which 
control signals are supplied Erom a row driver 47. The gates of 
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• th . --type FETs * on a sl.iU. c..»» is connected with . control 
' U L - which control signals are supplied from a 

" 1U " n ai T2 option of- the display, th. column driver 4e 
applies control signals of a high leval to selected columns , t. 
Turn on th. TFTs on the column. There ar.. however, unoas rabl. 
Zls in which the .„-.« action of the TFTs can not sufficiently 
t so' that the output voltage of the TFT (i.e. the input to 
Z Pixel) teaches only short of a predetermined high voltage 
aval <e. • .v> . ~ the output voltage does not sufficiently fa 1 
t o a p edetermln.d loo voltage (e.g. OV) . This is because of the 

ymmetricel characteristics of the TFTs . Hamely . th. c a t, in 
Jlon on the liquid crystal layer ta k es place in . 
ZLr as the discharging action therefrom. Furthermore, since the 

d crystal is Intrinsically insulating, the liguid crysta 
voltage (V.,) becomes floating when the TFT is turned off. The 
I on of ctric charg. accumulated on the liguid crystal which 
I guiv.l.nt to a capacitance determines the v.. Th. "Cumulated 
bar,., however, will lea. through a channel resistance P.. which 
lay be formed by dust or ionized impurities or through the liguid 
crystal itself whose resistance »„ 44 may be occ.sinally decre.s- 
e For this reason. V,. t sometimes becomes an indeterminate 
nrermediate voltage level. Xn the case of the panel having two 
hundred thousands to 5 million pixels, a high yield can not be 

expected in such a situation. 

Furthermore, in the conventional driving methods, the 

iiguld crystal material to which control voltages are applied are 
objected to an average electric field in one direction during 
ion. The electric field tends to cause alec trolysis , t*» 
continuously used. Because of this. th. aging 

cry st,l material is accel.rat.d and the life time of the display 
is decreased. 

BRIEF S UMMARY OF THE INVENTION 

' It ± , an object of the present invention to provxde a 

aisplay and a driving .ethod for the sa.e capable of de.onstrating 



"A 



clear visual images. 

It is another object of the present invention to prov.de 
a display and a driving method for the same capable of accurate 
operation. 

Additional objects, advantages and novel features of the 
«esent invention -ill be set forth in the description which 
follows, and 'in part will become apparent to those sallied in the 
ac t upon examination of the following or may . be learned by 
practice of the present invention. The object and advantages of 
the invention .a f be realized and attained by means of the 
mstrumentalities and combinations particularly pointed out in the 

appended claims. 

To achieve the foregoing and other object, and m 
accordance with the present invention, as embodied and broadly 
described herein, a display comprises a light influencing medium, 
electrode patterns defining a plurality of pixels in the medium 
and a control circuit for supplying . control signals to the 
electrode Patterns. The control circuit supplies the control 
signal to each pixel through a switching element which comprises 
at least one complimentary transistors connected between a low 
leV el and a high level. By the use of the conplimentary 
transistors, the voltage level of each pixel during its operation 
is prevented from fluctuating. 

in typical driving methods, the display of this type is 
driven by applying control signals in the form of pulses to 
conductive pads. The light influencing medium is disposed between 
the conductive pads and a back electrode. The back electrode is 
supplied' with an alternate voltage in order to make zero the 
average voltage applied to the light influence medium. 

in typical example, the present invention is applied to 
liguid crystal displays. Each pixel of the display is provided 
with a switching element of complimentary thin film field effect 
transistors which forcibly pull or push the level of the liquid 
crystal layer to a definite high or low voltage level rather than 
a floating state. Of course. the present invention can be 
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. ' t8Ctl c ea with a variety Of orh.r type tr,„si S t„s, other than 
Zn til. ™.i,to t , such as stagg.r.a typ.s. -planner types 
nv.rt.a stagg.r.a types, invert.a coplann.r We, ,. cHannei 
" MS o« th. transistors »,y be spoil.a by induction of a 

lb. impurity in ora.r to eliminate t h a 
of inciaant light by reaucing th. photosensitivity of tha transis 
.La. Whan control transistors of a arlver for supp lying control 
signals to th. switching transistors ar. formea also on th. s.»e 
at its pariph.r.l position where no light is inciaant 
ar. not spoil.a hy th. ferity. In such a case . two types o 
ransistors are formea on th. substrata, on. being spoil.a ana the 

:;„.: not ■ «»*« * ~ 4 "* es 

larg.r than that of th. spoil.a transistors. 

BRIEF nt SCMPTIOS OF T«F DRAWIMGS ' . 

^ Tne accompanying ar.-ings. which are incorporatea in ana 

for. a part of the invention ana. together with th. d.scription. 
s.rv. to explain the principles of the invention. 

pi,., is a schematic aiagr.m showing an equivalent 

circuit of a liguia crystal display. 

plg . 2 is a cross sectional schematic view showing an 

general configuration of a llquia crystal display. _ . 

Flg 3 is a schematic alagram showing an aguivalent 
circuit of a liguia crystal aisplay In accora.nce with a first 
emboaim.nt of the present invention. 

Pigs. 4 (A). 4(B) ana 4 (C, ar. plan and cross sectional 
views showing the liguia crystal aisplay illustrat.a in «•■»• 

Figs . 5 (A) ana 5(B) ar. explanatory views demonstrating 
oparation of ' the liguia crystal aisplay in accoraanc. with th. 

first embodiment. 

Fig- 6 is a schematic view showing a system suitable for 

f11m field effect semiconductor transistors in 
manufacturing thin film fieia eiietv 

accordance with the present invention. _ 

Fig. 7 (A) is a schematic view showing a planar type 
ma gnetron RF sputtering apparatus of the system ^ 
Fig6 suitable for use in depositing oxide and semiconductor 



films 



FDg 7 (B) is an explanatory view snowing the arrangement 
f magnets provided in the apparatus as illustrated in Flo. 7 (A). 
° £ 9 F I 9 s. S (A, to 8<F, are cross sectional views showing a 
method of .manufacturing thin film field afreet semiconductor 
"snltor's suitable for the first embodiment of the present 

ln " en " 6n ' F ; ',(», is a schematic diagram showing an eguivalent 
circuit of.a'liguid crystal display in accordance with a second 
embodiment' of the present invention. 

Pig. 9(B) is a plan sectional view showing the liguid 
crystal display illustrated in Fig • 9 (A) 

pi,., 0(A) is a schematic diagram showing an eguivalent 

clrcuit of a liguid crystal display in accordant with a third 

^ ^ m ~r^ of the present invention, 
embodim. nt^of th ^P ^ ^ ^ ^ ^ ^ 

display illustrated in Fig. 10(A). 

Z .n is a schematic diagram showing an eguivalent 
circuit of a- liguid crystal display in accordance with a fourth 

embodiment of the present Invention. „ 0 «, tlon 
pig 12 is an explanatory diagram demonstrating operation 

o£ the complimentary transistors of the Hguid crystal display in 

accordance with the fourth embodiment. 

Fig 13 is an chlonological diagra. demonstrating 

operation of the liguid crystal display in accordance with the 

-Fourth embodiment. 

Fig 14 is a schematic diagram showing an eguivalent 
circuit of a liguid crystal display corresponding to Pig. 13 in 
accordance With the fourth embodiment of the present Inven tion 

Plg.,5 is a schematic diagram showing an eguivalent 
circuit of a liguid crystal display in accordance with a fifth 

embodiment df the present Invention. „„ ns ,rating 

Fig. 16 is a chlonological diagram demonstrating 

operation of the liguid crystal display in accordance with the 
fifth embodiment. 



Fig. 17* is a schematic diagram showing an equivalent 
circuit of a liquid crystal display in accordance with a sixth" 
embodiment of the present invention. 

Fig. 18 is a chlonological diagram demonstrating 
operation of the liquid crystal display in accordance with the 
sixth embodiment. 

DETAILED DESCR IPTION OF THE PREFER RED EMBODIMENTS 

' Ftg~3 is a diagram illustrating the equivalent circuit 
of a liquid crystal display in accordance with a first embodiment 
of the present invention. The diagram shows only a 2 x 2 matrix 
for the sake of convenience in description whereas ordinary liquid 
crystal displays consist of more great numbers of pixels such as a 
640 x 480 matrix, a 1260 x 960 matrix. The liquid crystal display 
includes a liquid crystal layer 42 disposed between a pair of 
gl ass substrates 11 and IV as shown in Fig. 2. The inner surface 
of the glass substrate IT is coated with an electrode 53. The 
inner surface of the other substrate 11 is provided with a 
plurality of conductive pads 37b each constituting one pixel of 
the display as seen from Fig. 4 (A). Dashed line is enclosing one 
pixel in the figure. Each conductive pad 37b are formed on the 
substrate together with CMOS transistors consisting of an N-ty P e 
PET 41 and a P-ty P e FET 51 whose drains 34b' and 34b axe 
electrically connected with the corresponding pad 37b. The sources 
of the P-type FETs of the CMOSs on a similar row is connected with 
a v , line 48 of the row. The sources of the N-type FETs of the 
CMOSs on a similar row is connected with a Vss line 49 of the row. 
The gates of the P-type and N-ty P e FETs of the CMOSs on a similar 
column is connected with a V 0 K line of the column. The Vss lines 
and the V„ lines are connected with a row driver 47 and supplied 
with control signal therefrom. The V c „ lines 52 are connected with 
a column driver 46 and supplied with control signal therefrom. The 
column driver 46 and the row driver 47 are formed on the projected 
end of the glass substrate 21 as will understood form the 

illustration of Fig. 2. 

When a TN liquid crystal material is used, the distance 
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.of the substrates is selected to be about 10 um and both the inner 
surfaces of the substrates are provided with orientation control 
films which are given suitable rubbing treatment- When a 
ferroelectric liquid crystal (FLC) material is used, the distance 
of the substrates is selected to be about 1.5 to 3.5 um. e.g. 2.3 
um and only one of the inner surfaces (the surface of the ground 
electrode) is provided with an orientation control film given 
suitable rubbing treatment. The driving voltage is ■ 20V. When a 
liquid crystal material of dispersion type or a polymer liquid 
crystal material is used, the distance of the substrates is selec- 
ted to be about 1.0 to 10.0 um. e.g. 2.3 um and no orientation 
control film is necessary. The driving voltage is ±10 to ±15V. In 
this case, polarization plates are also unnecessary and therefore 
the amount of available light can be relatively increased in 
either type of transmission and reflective types. Accordingly, 
whereas the liquid crystal layer possesses no threshold voltage, a 
large contrast in displayed images is realized and undesirable 
cross-talk is effectively prevented by the use of complimentary 
TFTs which provide a definite threshold voltage. 

The operation of the complimentary transistors will be 
explained with reference to Figs. 5 (A) and 5(B). When a control 
signal of a low level (0V) is supplied to the gates 28 and 28'. 
the p-channel TFT 41 is turned off while the n-channel TFT 51 is 
turned on. The output terminal of the complimentary TFTs 29 is 
releived of the V 8 s line and connected to the V,,,, line and 
therefore pulled up to a high voltage V„„ (e.g. *10V) when an 
input signal of the high voltage is applied to the V. „ line. On 
the contrary, when a control signal of a high level (5V) is 
supplied to the gates- 28 and 28' as shown in Fig- 5(B). the P - 
channel TFT 41 is turned on while the n-channel TFT 51 is turned 
off. The output terminal of the complimentary TFTs 29 is releived 
of the V„„ line and connected to the Vss line and therefore pushed 
down to a low voltage (e.g. -10V or 0V) when an input signal of 
the low voltage is applied to the Vss line. In the operation of 
the display, the column driver 46 supplies control signals of the 
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low level to selected colons to connect the V 00 line 48 with the 
pads 37b onUhe columns and disconnect the Vss line 49 from the 
37b on the columns. On the other hand, the row driver 47 
supplies control signals of the high level to selected rows by 
m eans of the V„ 0 line to pull u P the desired pads located on the 
selected columns and the selected rows at the same time. Namely, 
in the operation, the liquid cystal layer is selectively subjected 
to three voltage levels, i.e. -10V. 0V and +10V at the respective 
oixels to form an arbitrary visual pattern. 

Referring now to Fig. 6. Figs. 7 (A) and 7 (B) and Figs. 8 (A) 
to . B (P) a method of manufacturing gate insulated field effect 
transistors 41 and 51 constituting a CMOS in accordance with a 
flrst embodiment of the present invention will be explained. Fig. 6 
ls a schematic view showing multi-chamber sputtering system for 
aepositing semiconductor and oxide films by magnetron 
sputtering. The system comprises a loading and unloading P re- 
chamber 1 provided with a gate valve 5. a subsidiary chamber 2 
connected to the pre-chamber 1 through a valve 6 and first and 
second individual sputtering apparatuses 3 and 4 connected to the 
subsidiary chamber 2 respectively through valves 7 and 8 . The pre- 
chamber 1 is provided with an evacuation system 9 comprising a 
rotary pump and a turbo molecular pump in series. The subsidiary 
chamber 2 is provided with a first evacuation system 10a for 
roughing comprising a rotary . pump and a turbo molecular pump in 
series a second evacuation system 10b for high vacuum evacuation 
comprising a cryosorption pump and a heater 10c located in the 
chamber 2 in order to heat substrates to be coated. If substrates 
to be coated are thermally contracted in advance by heating in the 
subsidiary chamber 2. thermal contraction and stress caused in 
films during deposition thereof on the substrate is reduced so 
that the adhesivity of the films can be improved. 

The sputtering apparatuses 3 and 4 are individual planar 
type magnetron RF sputtering apparatuses suitable for exclusive 
use in depositing oxide films and semiconductor films respectively 
when used in accordance with the present invention. Figs. 7(A) and 
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• -i ^ ^ the RF sputtering apparatus . The , 
■7 /q\ illustrate details of trie *r *f 

"comprises a vacuo, chamber 20. a first evacuation system 
apparatus comprises molecular pump 12b and a 

12-1 for roughing consisting ot a 

t rJ P»P «- respective provided with valves ,2a - « . • 
„ d evacuation system ,2-2 «.« ~ 
„ lsin , . -cryosorption pump 12. P-vided with a valve 12f. a 
comprising a cry P ^ ^ 20 £or 

"'""tin ° Var t thereon, formed wit. an inner conduit ,3a 
supporting a targ w , 14 and 

™» -hicn • coolant «- »» „ „e„t magnets. 

^^^«iried with a number of magnets '->" 

provided wiu. 56MHz) source 15a 

an energy supply 15 consisting of an IP (e.g. 13. «M J 
provided with a etching box 15b tor supplying RP 
'older 13. a substrate holder 16 located in the upper position of 
Hmb.r 20 for supporting a substrate 11 to be coated, a 
the chamber 20 xor ft- shutter 17 

— r, rrstrrr, rr-jr;. i : 

— IT' ^ral designates sealing .means 
tight structure of the vacuum chamber 20. 

._ a. 11 impurities occurring in tne 

aeposition on the substrate 1 . -pu 1 intervening 

Lvrr o'Lr to enable normal deposition on the 
The magnets 13b are oriented to have their » poles at th u pe 
Ids and S poles at the lower ends and horizontally arranged m a 
i s illustrated in «,.7W m order to confine electrons in 
. puttering region between the substrate 11 and the .target ,4 

Beferring now to Figs.S.A) to 8 (F) together with pig.6 
and Figs . 7 (A) and 7 (B) , a method of manufacturing thin film 
effect transistors .1 and 51 in accordance wit h f 
preferred embodiment of the invention wrll be descnb 
preterrea carried out with a multi-chamber 

oet.lls. This exemplary method is however _ 
apparatus suitable for mass-production. This i . 

«.o^ c ut-ilizinq separate chamoers 
applicable to similar processes utilizing 

without substantial modification. 



9 



10 sheets of glass substrate are mounted on a cassette' 
and placed in the loading and unloading pre-chamber 1 through the 
valve 5. The substrates may be made from an inexpensive glass 
which can endure thermal treatment at high temperatures up to 
700t, e.g. about. 600t . such as NO glass manufactured by Nippon 
Electric Glass Co. Ltd, LE-30 glass manufactured by Hoya Co. or 
VYCOR glass,, manufactured by Corning Corp. After adjusting the 
inner conditions of the pre-chamber 1 and the subsidiary chamber 2 
to each other, the cassette is transported from the pre-chamber 1 
into the subsidiary chamber 2 through the valve 6. One of the 
glass substrates is disposed in the first magnetron RF sputtering 
apparatus as shown in Fig. 7 (A) by means of. a transportation 
mechanism (not shown) and coated with a SiO, film 32 as a blocking 
film to a thickness of 1000A to 3000A in a 100% O, atmosphere (0.5 
Pa) at a substrate temperature of 150t. The output power of the 
apparatus is 400W to 800W in terms of 13.56 MHz RF energy. A 
single crystalline silicon or a quartz block is used as a target. 
The deposition speed is 30 to 100 A/min. The coated substrate is 
then exchanged by another of the remaining 9 substrate which is 
subsequently coated with a Si0 2 film in the same manner. All the 
substrates mounted on the cassette are coated with a Si0 2 film by 
repeating this procedure. During this procedure, the transporta- 
tion of a substrate between the pre-chamber 1 and the subsidiary 
chamber 2 has to be carried out after adjusting the pressures and 
the inner atmospheres of the chambers 1 and 2 to each other in 
order to eliminate undesirable impurities. 

An amorphous silicon film 33 is next deposited in the 
second sputtering apparatus 4 on the SiO, film 32 to a thickness 
of 500 n,n to 1 Mm. e.g. 2000A, The total density of oxygen, carbon 
and nitrogen in the amorphous film is preferably between 4 X10 19 
to 5 x 10*'cm-a ln order to eliminate undesirable influence of 
incident light on the channel region of the transistor by reducing 
photosensitivity. The photosensitivity of the channel , can be 
alternatively reduced by introducing an spoiling impurity 
selectively into the channel. In this case, the total density of 
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• M , m carbon and nitrogen in the abacus HI. does desirably . 

' exceed 7 XiO-c.-. Preferably ~« — 1 « 
7u h low density maV.es it 8 as, to r.crystallise the source ana the 
era!., to be formed in the silicon film In the latter step by 
t ell treatment. , or the formation o £ the silicon .lis, 33 the 
Z substrates, are placed into the apparatus 4 one after another 
from the subsidiary chamber , in the same manner 
herein for deposition of the amorphous silicon film. The 
s rtation of each substrate between the apparatus 4 and the 
subs diary chafer 2 is carried out after editing the pressures 
d the nner atmospheres of the chambers 2 and 4 in order to 
eUminate undesirable Impurities. This procedure is generally 
Ployed -hen it is desired to transport the substrates between 
tie first or second sputtering apparatus and the subsidiary 
hlber. even if not particularly described her.inbelow The 
m sphere m the apparatus 4 comprises a mixtureconsisting of 
« and argon so that H, / (H, .Ar, = O.B (0.3 to 0.8 In 
"enaral, in terms of partial pressure. The hydros and 

have desirably purities of end ...... respectively 

and are introduced efter the inside of the apparatus 4 Is 

cuated to a pressure not higher than , X 
pressure is 0.5 Pa, the output power of the apparatus Is 400V, to 

1. terms of „... MHr >P energy, a single «*~»^. 
aesirably containing oxygen atoms at a concentration 
than 5 X ,0-cm-. e.g. . x 10- cm- is used as a target: and the 
ubstrat. temperature Is maintained at ,30* (deposition 
temperature, by the heater ,.. in the same manner. In preferred 
embodiments, the hydrogen proportion in the mixture may be chosen 
between 5% and 100V the deposition temperature between 50t and 
500T. e.g. 15 0t; the output power between ,« and 10MW in ^ 
freguency range from SOOHr to ,00G„z which may be combined with 

another pulse energy source. 

Alternatively, the' amorphous silicon film 33 may 

run (LPCVD) or plasma 'CVD. In the case 
deposited by low pressure CVD (LPCVU) or F 

of LPCVD, the deposition is carried out by introducing dlsilane 

II 
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, ■ , sl || , in a suitable CVD chamber. The- 

«"•"■' « " l5il ;"° , 'CL. 0 at a temperature ,00, to 2 00t 
deposition t.mperature is selected a .ill-oil. 
lo L than the r.crystnlllratiun temperature of the 
, . 4S0-C to S 5 0-c, for ?>" »«»°* Lie, 

,.ed is 50 to 2 0 0 A/min. Doron ma, b. introduc.d .t I x ,0"cm- 
I , » ,o"c,,-. into th. «U b, using diboran « »^^"» 
thee w!ch the alien, in order to max. ...» th. thr.shold 
t0 ' eU '" ( , nd p. m ,e TFTs . in the cas. of Plasma CVD. th. 

voltage, of H-tyP ,, jucing „ 0 „ 05llane (S11U) or 

lnp ut is for example hi*, freguenc, electric 

,, !:0MIU ' The oxvg.n dealt, of the semiconductor HI. Is preferah- 
„ no higher then S X 10- ■ cm- because if the ox„e„ densit, .. 
1 ,„„„. thermal treatment have to he carried out at a hi* 
perira for a long ,i„. in order to sufficient, > l 

H,e ^conductor HI. 1" • *"«« « t<s "- de " S ' ° 

r .It not ha too low because leak current in the off condl- 
;l if the TFT increases In response to . hack light which ma, he 

f, ^ ^ ^ « 

4, le not used For this reason, the oxygen density is 

ments. it was confirmed by SIMS (seconder, ion 
Jop, analysis, that hydrogen -as involved at densities o 14 X 
,„..«-. equivalent to one atom * assuming the den.it, of silicon 
hi 7* * ,.» cm-- T..as. figures of densit, were minimum values 
! 1 respective elements which varied along the ,ap t h dirac ion 
• e reason wh, such minimum values were employ is that a na ur 
oxide existed at the surface of the semiconductor Him. If « 

::„; to spon ... .,,,..„,. »., >. - : 

. spoiling agent to a portion of the ' ^ 

channel region to a density of b X 10« to a X 10 
deposition of the semiconductor film. In this ca.se. the deposit 
ol the semiconductor Him can he carried out in order that the 
ll density of oxygen in the semiconductor film does not exceed 
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~* i v m> fl cm" 3 . Such low 

i^m-v of' the TFTs can be mcreasea. 

After all the substrates are coated with 

^rr..^ - — - - ~ ■» - - nr. 

n a non-oxiairln, » in hyarogen b, — - «*. 

llater. The film 1, reorganize* by this thermal anneailng In 
the form of semi— erph.ua er aeml-eryatalllne structure. 
" M e X t. the mechanism ef formation of aeml-amor P hou S o 

SMli -crystaUln. semiconauctor materia! In accoraa c with ^ the 
e.„t invention will be explained. When sputtering e sing 

: :: une - . .* ^« - 

nigh energy heavy argon atoms colliae with the surface of the 
t aisloage therefrom dusters each consisting of several 
^ r'c several hunarea thousanas of silicon atoms . _ ana aeposlt 
tens to several nui,ul rl , Kt . ers pass 

c-MKci-T-^t-G to be coated. These clusters 
. , _ _ t llc f P rs on a substrate Wl= 

lough the mature gas in aavance of the deposition on he 

w-itli hydrogen atoms at their exrerndx 

Z „ aepositea on the substrate, the clusters comprise interna 
IrphoJs silicon ana externa! "J. 
hnnfl , The sl-H bonds react with other Si-H 

Sl.i bonds by thermal treatment at - - 
„on-oxiaial„g atmosphere. These coupling M eacn 

(Sl-Sl) function to let adjacent clusters be attractea 
fthar whereas these clusters have a tendency to convert their 
ss to mora ordered phas.s (partial r.crystalll-ion . 
esult. the crystalline structure of these ^» 
l.ttic. aistortion ana the peaK of its Raman spectra (522cm 
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X , alU n e silicon) is displaced to the low . 
1 the M l<-»«» " 50 to 500A which s..« lnd1 "" 

" 1C,:OCC,S "r.' ener„ band, of the clusters are through 
the Si-Si bonds anchoring the clusters at the Interface, tnere- 
rLeen For "this reason, the polycrystalline «semi-amorphous or 
between. For thl ln accoias „c. with the 

semi-crystalline) structure of silicon in „.,.,_ 

;:::„•:. .. .... ... •■-—»'.:."• :: t» 

to 300 cmVVsec (electron mobility) and s6mi . crystallin e 
mobility)- Namely. the semi-amorphous or semi cry 

:;z::. * — . * t :r = := ie -;„r n 

oons id.r.d ----- ~ ls subJec ted to hl g h 

bound.r es . O course, i ^ ^ ^ 

temperature o 100« .« ^ ^ ^ app _ 

temperatures o£ 4501 to /out. h.rrlars like the 

at the boundaries between, the clusters end form barriers 
"lor art technique. The carrier mobility can be improved by 

easin, the -strength of the anchoring For this purpose th 
L„ e „ density in the semiconductor film is decreased to 

10'" cm" 3 , desirably to 1 x 10' ■cm"". 

The amorphous silicon semiconductor film 33 U Patterned 
by means of a PhotomasK as Indicated by CD to leave areas 33 - 

^ = T - V to form N-channel and P-cnannex 
"Insitrs. ^ter-rrsuLtrates are coated with the silicon 

re end amorphous silicon semiconductor films 
describea above, the substrates are placed asain in^th. fl 
sp utterln 3 apparatus 3. The entire structure is t en coa . * 
silicon oxide film 35 of a thickness of 500A to 2000A. g 
by sputtering in an oxide atmosphere as illustrated in «... «• 
J *-v^4- the silicon oxide tiJ.m 

Th e deposition condition is same as ha of the s 

32 explained above. The characteristics at the int 

th. Silicon oxide film 35 and the underlying semiconductor film 36 
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b e Improved^, applying ultr.viol.-t rays to carry out ozone 

La H.„ely. t.a .ounaary leveis ran be decreased by utll t 

ohoto-CVD in combination with the sputtering explained in the 

"eci o of -deposition or the o„ide ,,31 Xlt.rb ative, * 

» o in. may be introaucea in this deposition in order to ix 

odium ions. !n this case, tbe atmosphere comprises a h g density 

„„„ ,, 5 », including NF, (5%) at a total pressure of 0.5 Pa. the 
cvgen UN ± ^ ^ ^ „ f 13 . 56 „„ 2 RF 

""^ y . T ain . crystalline silicon or an artificial guartz is 
'"" as a -t= ana the substrate temperature is maintained et 

" Ot By th s procedure, the silicon o*ide film 3S to be a gate 
I tino fil» includes fluorine .tons which function to 
"a:! „ t. aang-g bonds of silicon atoms so that the formation of 
v. be prevented at the interface between the sami- 

£lxe a <^; l™ 3 l\Z\ 3 . ana the Ml a. film 35. On the silicon 

C Td ril 3 - deposited by low pressure CV, a silicon 

oxide film « * highly doped with 

*ii m n f 0 2 urn thickness which is nig«-"-jr r 

semiconductor film • • M ±£ fcy 

Ph0 :r,:: r rc' d ctive film of 0.3 -.n.. of molybdenum. 

T In fla or a multiple film consisting of it and a 
tungsten fil» or t „ fll „ „ated with the conductive 

unn film. The semiconductor rum c 

' 7 ,,,„ ls then patterned by photolithography with a 
r^JS in order to form gate ^0- ^ 0. 

.. +- Film 27' is formed by tne use 
A photoresist film 27 is 

v ^ in order to cover the semiconductor film 33 - With 
photomask CD i" order S elf-aligned impurity 

.v, „»t- e electrode 40 and the photomask ® , sen 

the gate eiectrou formed 

i e a source and a drain region 34a and 34b a 
regions, i.e. as 10 , 5cm - 2 to 5 x 10-cm-. The 

bv ion implantation of boron at 1 x iu cm 

by ion siliC on semiconductor film 33 

intermediate region 28 of th the n defined as a 

between the impurity regions 34a and 34b . ^ 

channel region as illustrated in Pig .3 (C - * ^ 
• - Film 27' another photoresist film 27 is tor 

rrrr^ , ^ to WI r --^^ 

niortrode 40' and the photomask .@ . sen y 

With , the gate electrode 4U , 

< o a source and a drain region 34a and 34D 

impurity regions, i.e. a source 
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5 x 10 -cm-. The intermediate region 28 of the 

, .or film 33 between the impurity regions 34a' and 34b- 

10 urn respectively. The channel widths of the P-channel and n- 
" 1 transistor ere 30. M- respectively. The Ion Indentation 
I r"nst /he carried out by selectively reeovin, the silicon 
Ha. £ il» 3S hy the use of the 9 ete electrode .0 or «„• es a m asx 
" loved by direct ion implantation of horon or phosphorus 

liter reeovins photoresist ,7. the channel reoions are 
,„.„ thermally annealed et 6O0T for 1b to 50 hours in H, 
T to -are active the impurities in the drain and source 
'"I" an interior insulatin, file 3, of silicon oxide is 
r: °si S ted to a thickness of 0.3 to 0.5 M- -T the same spott.rln, 
3 as described above over the entire of the structure 

ro loved hy tchin, hy means of a photomas* . for — in.contec 
no es 39 through the interleyer fil. 37 end the oxide film 35 in 
Z to provide accesses to the underlying source and drain 
order tc . pre position of the interleyer 

regions 34s. 34b. 34e photo _CVD. ordinal 

insulating file 37 may he carried out by LPCVD Ph 
pressure CV D ,T E OS-orone, . Next, en aluminum frlm 0 5 t ; , 

nicxness is deposited on the structure over the con act 
a „a patterned to form source and drain electrodes 36a , 36 b. 

- - rr«r ;.:rr : rrr;:i::re-r is 
rr o;r:he"rruc 3 L s e «. .... . r , r :r r::::: 

i t-o nrovide accesses r.o tne 

A or,o of a photomask CD to P rovi 
IcTL^b an P d 36. folloved b, tor t f 1 ad le trod.. 

ma de of a transparent conductive material such as 
,IT0) to be electrically connected with the pad 37b. The I 
(ITO) ro p mnor . t . 1 . re to isot followed by 

is deposited by sputtering at room temperature to 

in an oxidizing atmosphere (0, ) or in air at 200 to 
annealing in an oxidizing Hne to y the deposition 

40 0t. The pad 37b can be formed at the same time by th P 
of the lead electrode 37. Then, the formation of CMC- 
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' ' h<1 i t v the threshold voltage of the p-channel 

• M finishea. «- » < h « the thre8hold V3lca , e 

TFT «. 2 o -/v. -a 5., ^ d s o v ^ giass substcate 

o£ th . J" e e cMQS eranslsCots and suit a b le conauctive 

::::::: e J ^ . 3 .o U „a .x~«-. .« 

" a a ollow.a „ faction o £ a 11**- —tal ..atetial hetween 

aava „ ta5es o£ the above process is 

process aoas not require tne llq uia 
'uartz — therefor, suitahl. for !«,. 

, a1 flisDlays production methods. 

Live embodiment, thecal annealing is 
• 1 the steps corresponding to Figs. 8 (A) and 8 (D) The 
out -twice at the step omit ted to shorten the • 

first annealing (Fig • 8 (A) ) , however, can be 

+< m o In the light of the second annealing. 
p rocess * J fias 9w 9(b) CMQS f £1 , 

.«.ct transistors in — with . ^ ^ 

emb oal„>ent of the present Invention will 1 ^ 

. mb oal„ent. two couple, of CMOS transistors 5,-1 . 

51 . a are connectea in parallel to the ^ectroaes . 

pixel ,.s enclos.a hy aashea line) at -"Jrain 

Th ese CHOS transistors are „anu facturea ^ in the step^ P 

ab ove in function with the ""^"^^^ elements are 
n-ber of the transistors is aouhlea. The *i»il . 

^ in fhe first embodiment. The emu 

««-. - -trical operation is 
t- of the first embodiment. Accordingly, two 
viall titchin, events are preparea ~ 

ability of- information display can u . 

element hy laser rays in virtue of the r.»ainin g CHOS 
"listers. ,or this reason, the conauctive transparent peas 
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=, ~-*or- not to cover these TFTs. 

£ _a ,n ~t t . Wiow a „ a 10(B) . CMOS thln 

.„ect «ensistors in accordance with , third preferred 
"the. present invention .ill be illustrated. Also in , thi. 
..Tim.nt two couples of CMOS transistors 51,1. 41-1 — 
e„boel«nt. P paral lel to an electrode pad 37b for 

and' 41-2 are connected in parallel c 
A Pixe! at their drain electrodes. The electrode pad 37b 
r s separated into two portions 3,b-1 and 37b-2 each 
'T'endentiv connected to a corresponding one of the two CMOS 

-ru - ;:r::; 

nn.er.ls a. in the first ^ ~ 

,, coe two individual sub-pixexs- 
comprises two xn sub -pixels is 

a „d therefore the deterioration of grev scales is 

fl "" aSea ' ls described above, there are following adventa.es in 
a «ordance with the above embodiments of the pr.sen , ^ ^ntlon, 

„ Definite threshold voltages are established. 

2) The switching speeds are increased. 

3, Heroins for operational fluctuation are broadened 

4, Even if some TFTs are fault, the operation thereof 

Allowed up to same ««««• ^ phoCo „.s k s due to the 

5) The increase of the numDet r 

i«: only two (photomask <3> 
e „ pl o,ment of complimentary transistors is onlv CP 

and 3>) as compared with conventional cases utilising 
ch annel TFTs ^^^^ „ senl . cry stalline semiconduc- 

tors are used in place of amorphous semiconductors and the carrr 

, . „ a factor of ten or more, the size 01 
ability is increased by a factor decrease of the 

•TFT is substantially reduced so that little 

i ~ TFTs are formed in one 

aperture ratio is necessary even when two TFTs 



pixel. 

18 



1 1 



pia n is a aiagram illustrating the equivalent circuit 
r.l aispla, in accoraance with a fourth emboaiment 
ot a liquia crystal aispla, co|)£igucatlon .a shewn in 

o£ tha present nv ntlcn. The P ^ alagra „ shouB 

Tatr;::" r » £ — — — t 

orainary liquia crystal aisplays consist of more great 
whereas orainary liq $ ^ ^ 96Q -trU . 

numbers of pixels * * " ° ° a . llquia crystal layer « 
Th a liquid- crystal 1 subsC rates „ — .IV in the same 

ai ,po..a between a parr of glass entlr aty of 

t-H= first emboaiment as shown in Yiq.i- 
manner as tha first a = „ h « t , ate IV is coated with a back 

th a inner surface of the glass substrate 1 1 ^ 

. 53 In this emboaiment. however, tha electroo 

al.ctroda 53. In tni v „ ltao a in accoraanca with the 

gr ouna but suPPHaa with an offset volta, datall aaiy 

xr i inuid crystal display 

living .echanism of the liquid y substrate n1 is 

a Hn^r-a The inner surface of tne 
T it 'plurality of conauctiva p.as 37b each constituting 
provided with a plurality manner as the first 

i An +-hp same manner a» ^ 4 

one Pixel of tha aisplay in the s 

embodiment. Each conducive pad 37b are f 

cogetber With CMOS transistors costing of *~ ^ 

„ a. c pft 51 whose drains 34b ana j«d 
a P-typ& 51 W " _ ,_. „ he sources of the P- 

.annactaa witb tha ^cU-ctaa „ ith a V„„ 

typ e PETs of tha COSs on a similar ro ^ ^ 

lina 48 of the row. The sources of ha H typ. ^ ^ 

a similar row are connectaa with a Vas I n ^ _ 

gat as of th. P-typa ana «-type PETs ^ llnas 

c r:::i c t:::v:tjj:^ ,^ a „» «~ « - — - 

"th n rol signal tbar.from. The V, „ Unas S, are connectaa with 
1 „ arlvar 4. ana suppliaa with control signal tbar fr 

+- nn2 i artion of eacn pxxe-L 
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V lino is around ana the crystal volts,- l.v.l Is pushea 

^ the Vss level If the v.. 11- is positive (.... the VDD 

tj:l^. - — — ™ *■ ii I r i : 

« ys tal st the Pixel is cslculstea bv subtracting the o fs.t 
, volt.,e sppli-a to the b.c* electroae fro. the It,- d 
' ry stal volts,-, in the illustration. . hi,hest volta,e is applied 
between the 11,-1- crystal layer only -hen the positive volts,- 
; and the negative volte,- CVss) are applied respectively to 
the V.. line and the v.. line ana the v„ line is ,cound. 

The representative example o£ the arivin, .ethod in 
with the fourth embodiment of the present Invention 

:rir : - Piain-a tth » - - *. 

Matrix of ,1,-11 is -xpanaea to a 4 x < -^"-^ 
* -^m however are substantially indentxcal 
^^.irations of them, nowevei , aJ - 55 
re n nu.b.r of pixels. PI,. 13 illustrates the contro 

„ is applied to the v.. lines, the v„ lines, the V 11ns and 
J bact electrode. The v.. lines are called X, . . X, X, . and X 

r o„ the first row to the forth re- in the dia,ran «-«.as the 
Unas are called X,.. X, . . X, . and X.. in the .anner The 

" is applied, to the Vss lines ar. exactly the inversion of the 
In to \ha ».. line as shown in Pi,. 1, and therefore the 
of the Vss lines are dispensed with. The V„ 0 lines are 
Tied y ; y, y, and T. fro. the left column to the ri,ht column. 

the forth row as shown in Fl,.13- Oppos.a P 

th . v.. and vss lines connected to one addressed row for the ti.a 
dth of one fourth of the fra.e durin, which all 
e,u.ntially scanned. The control si,nals applied to the V lines 
„. data si,nals which determine the visual pattern apP-arln, 

" ""le a Pixel on the i-th row a„a the 5-th column is 
aasired to be actuated, a ne,ative pulse is ^ «-*'« 
Una of the 3-th column at the ti„. when the i-th- row is addressed 
by applyin, opposed pulses to the VDD and Vas lines on th. i-th 
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„. ' \ h . pixel on th. first co!u»n and the first r.. 

„\ « in fi, 14) is actuat.a in th. first fourth of the 
(gi „en symbol «« in r«.14> 

Elt st frame between T, and I, . the electr „ fl e is 

a „a the fifth frame between T s ana T. Th 

nonaHve voltage between T, and T 9 . xne v„„ . 
oiess.a by a negative vol , ^ ^ 

V.. signal levels ana the » 9 ^ 

' 10V rof^r: /or stales r.n,ea by the threshoia 

characteristic of the 1H 'oraingly as unaerstooa from 

voltage of ,0V th.r.across^ ^ ^ ~» " "» 

pixel (the A* pixel in the fl , J ^ ^ .^^ ^ 

to the other Pixe> not .... ^ ^ ^ „. 

— sTtat th. C sl 9 n of the sPPl « ^ " 

n „„ t-ie first column ana the first row 
not exceea 10V. The pixel on the lnvetsi on of 

ac tu.tea in the sixth frame between T. ana T, . The ^ 
ch e s ig ns taxes Place r.peatealy one. p. « „ . £he 

several tens of frames so that the average voltage .PP 

t-o zero throughout tne op ej - 
liquid crystal approaches to ze the liquid 

resulting in effective prevention of deterioration 

a. \ 4. threshold voltage of the 

crystal, in the case ^ . f VDD . vss a „a V GG 

crystal is. 2.5 V. the srgnal levels _ 
ilnes are s.lectea respectively to be .V - V ana 7 V ^ 

in accoraance with this emboaiment. the vo g 
control signals aPPliea to the liguia ^" ^ " 1 

aflj ust.a to the threshoia level of the liguia crystal 1 y 
Dy justing the bias voltage level appli. « ° ^ * ^ ^ 
Th e employment of the bias voltage maXes it possible 
th . effect of the electric fieia impress. a on the * 
by perioaically chaning the polarity of the b . 
resuitlng in the prevention of electrolyse of the 
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Referring to Figs.15 ond 16. a liquid crystal display 
n „d a method for driving the display in accordance with a fifth- 
preferred embodiment of the present invention will be illustrated, 
in this embodiment, two couples of CMOS transistors 41-1. 51-1. 

d 41 2' 51-2' are connected in parallel to an electrode pad 36b 
for each' Pixel (as enclosed by dashed line) at their drain 
electrodes. These CMOS transistors are manufactured in the steps 
explained above in conjunction with the first embodiment except 
th 3 t tne number of the transistors is doubled. The similar 
elements are given similar numerals as in the first embodiment. 
The electrical operation is substantially same as that of the 
thit d embodiment. Accordingly, two identical individual switching 
elements are prepared corresponding to one pixel so that when the. 
operation of one of them is fault, the ability of information 
display can be maintained by firing the fault element by laser 
rays in virtue of the remaining CMOS transistors. For this reason, 
the conductive transparent pads are formed in-order not to cover 
these TFTs. 

The representative example of the driving method in 
accordance with the fifth embodiment of the present invention 
will be explained with reference to Fig. 16. In Fig. 16. explanation 
is made for the display as shown in Fig. 15 but expanded in a 4 x 4 
matrix. The configuration, however, is substantially indentical 
except the number of pixels. Fig. 16 illustrates the control 
signals applied to the V. . lines, the V s s lines, the V B „ lines and 
the back electrode in the same manner as the second embodiment. In 
this driving method, the control signals applied to the V 0 „ lines 
aC e addressing signals which repeatedly scan from the first row to 
the forth row as shown in Fig .16. A negative pulse is applied to 
the V r . line connected to an addressed column. The control 
opposite signals applied to the V„. and Vss lines are data signals 
which determine the visual pattern appearing on the display. 

If a pixel on the i-th row and the j-th column is. 
d sired to be actuated, opposed pulses are applied to the V. . and 
Vss lines of the i-th row at the time when the j-th column is 
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addressed by applying a negative pulse to- the v.. line 
column, in PH. 16. the pixel on the first column end the first 
is actuated in the first f ran,e between T, and T, . the second f ra„e 
hetween T, and T, and the fifth fra*e hetween T s and T. The bee, 
electrode Is biassed by a negative voltage between T, and T. . The 
V. Vss and V„„ signal levels and the bias voltage are for 
example 20V. "-20V. ±10V and ±10V respective!, in the case that the 
optical characteristic of the llguid crystal is changed by the 
threshold voltage of 20V. Accord.ngly. as understood fro. Pig .12 
aoch a high voltage as 30V is applied only to the selected pixel 
„hile the voltage level applied to the other pixel can not exceed 
,0V in T. to T. in Fig. 16. the voltage levels at the v.. lines 
and' the bee* electrode are inversed so that the sign of the 
applied voltage on each pixel is si-Ply inversed. accordingly 

I a low voltage as -30V Is applied only to the selected Pixel 
„hile the absolute voltage level applied to the other Pixel can 
not exceed 10V. The pixel on the first coiu.n and the first row is 
actuated in the sixth frame between T. and T, . The inversion of 
the signs tatas place repeatedly once per several frames to 
several tens of fr.-es so that the average voltage applie t the 
liguld crysta! approaches to zero resulting in effective 
prevention of deterioration of the liguld crystal. In the case 
that the threshold voltage of the llguid crystal is 2.5 V the 
signal levels of these VDD. VSS and VOC lines are selected 
respectively to be 5V . -5V and ±7V. ,.„„ a 
Referring to Pigs. 17 and 18. e sixth preferred 
a„bodi„ent of the present invention will be Ulustr.t.d. 
this e m bodl»ent. two couples of CMOS transistors 41-1. 51-1 
4, 1- 5,-2' are connected in parallel to an electrode pad 37b for 
each Pixel at their drain electrodes. The electrode pad 37b 
however, is . separated into two portions 37b^1 and 37b-2 each 
independently connected to a corresponding one of the two CMOS 
transistors in the same manner as Pi,.10(B). .These CMOS 
transistors are „anuf actured in the steps explained above in 
conjunction with the first enbodiment except for the number of 
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. f „„ The similar elements are given similar numerals as in 
«ansiStors. co ,„ pt ises two maiviaual 

t-»**» first embodiment- men, ^ 

b Pixels. in eccoraance .1th this emboaiment. even if the 
lion of on. of the sub-pixels is fault, the other sub-pixel 
"ort the operation of the Pixel ana therefore the 
can support the op substantially 

—:TZ ZT2TZ ^LTU - on. sub-pixel 

::::::: ;»u the ^« - — - - - 

deteriorated. ■,„„«. the driving method in 

The representative example of the drxvxg 

<«. the sixth embodiment of the present invention will 
accordance wxth the sixth explana tion is 

be explained with reference to Pig ..18. Fxg ' 

* display as shown in Fig. 17 but expanded in a 4 x 

ma de for the display a subst antially identical 

ma trix. The configuration however x ^ 
except the number of P-els. Fxg. 18 11 ^ 

<™»1 S applied to the V„„ lines, the V s , lines, 
signals appixe fourt h embodiment. In 

.v, ha rk electrode in the same manner as the xour ( 
the back elec appiied ^ ^ ^ u and 

♦-vi-ic driving method, tne conoj-^j. ^ 

this arivj-n** .p^^— *-y»o. first row to 

Vss Unes are addressing ^V^" eS are applied to 

th. fourth row as shown xn Fig. 18. Oppose p 

rt. V and Vss lines connected to an addressed row. Th 

the v„„ ana ciana l s which determine 

sisals eppliaa to the v.. lines are data si,nals 

Che visual Pattern appearing on the display. Xn thl 

however, control- signals applied to the V lines 

oulses vhose pulse wiath is only one 16th of on 

, end T ) The pulse wiath of aaaressing signals appli.a 
between T, and T 2 ) . me P fnttrt U of the 

to the ana Vss lines is on the other hana one fourth 

£ ra*e.ln the same manner as the s.cona ^ t . 

If a pixel on the i-th rou ana the 3 th 

i -i <- anD Hed to the V« ; c 
aesired to be actuated, e negative pulse is aPP Ilea 

n„. of the 5-th column at the time when the i-th rou 

°PP~ea Pulses to the V DD ana Vss lines on th - 
row. .» «,.«. -e Pixel on the first column ana th^ its row 
actuatea in the first frame between T, ena T, . The bacr elect 
is biassea by a negative volta,e between Ti and T a • The v.. . 
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and V 00 signal levels and the bias voltage are for example 20V. - 
20 V tlOV and tlOV respectively in the case that the optical 
characteristic of the liquid crystal is changed by the threshold 
voltage of 20V in the same manner. Accordingly, as understood from 
Fig 18. such a high voltage as 30V is applied only to the selected 
pixel while the voltage level applied to the other pixel can not 
exceed 10V. In T. to T, in Fig. 18. the voltage levels at the V c . 
lines and the back electrode are inversed so that the sign of the 
applied voltage on each pixel is simply inversed. Accordingly, 
such a low voltage as -30V is applied only to the selected pixel 
while the absolute voltage level applied to the other pixel can 
not exceed 10V. The pixel on the first column and the first row is 
actuated in the third frame between T 3 and T, . The inversion of 
the signs takes place repeatedly once per several frames to 
several tens of frames so that the average voltage applied to the 
liq uid crystal approaches to zero resulting, in effective 
prevention of deterioration of the liquid crystal. In the case 
that the threshold voltage of the liquid crystal is 2.5 V. the 
Signal levels of these VDD. VSS and VGG lines are selected 
respectively to be 5V . -5V and ±7V. 

The foregoing description of preferred embodiments has 
been presented for purposes of illustration and description. It is 
not intended to be exhaustive or to limit the invention to the 
precise form described. and obviously many modifications and 
variations are possible in light of the above teaching. The 
embodiment was chosen in order to explain most clearly the 
principles of the invention and its practical application thereby 
to enable others in the art to utilize most effectively the 
invention in various embodiments and with various modifications as 
are suited to the particular use contemplated. Examples are as 
follows: 

I„ the liquid crystal displays as illustrated above. P- 
type TFTs are connected to the V D . line while N-ty P e TFTs are 
connected to the V s s line. However, these can be connected vxce 
versa. Namely, N-ty P e TFTs are connected to the V„ „ line while P- 
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type TFTs are connected to the V ss line. For this purpose, the 
iocations of the H-typ. TFTs and the P- type TFTs are exchanged in 
the above embodiments. In this case, the voltage of the liquid 
crystal layer (the voltage of the pad) at the respective pixel 
becomes the same level as the V„; rather than the V 8 s when the 
pixel is selected by the column driver 46. 

The above embodiments are applications in the form of 
GMOSs for switching devices in liguid crystal displays. The TFT in 
accordance with the present invention, however, can be utilized xn 
the form of a switching device comprising one TFT for driving one 
pixel, in this case, the equivalent circuit is substantially same 
as that illustrated in Fig. 1 except that the resister R sl) 1.. not 
effective because the N-ty P e TFT is constructed, with a spoiled 
semiconductor film which is not sensitive to incident light as 
explained above. The electrode pad of each pixel becomes 
electrically floating when not addressed in this modification so 
th at the voltage level thereof may not be so fixed as compared 
with those utilizing CMOSs . The manufacturing process thereof, 
however, is very simple without the need of light blocking means 

The liguid crystal material used in the liquid crystal 
display may include other type materials. For example, a suitable 
phase transition liquid crystal materials can be prepared by 
adding an ion dopant into a. nematic liquid crystal material of 
g uest-host type or dielectric anisotropic type. The phase 
transition liquid crystal material changes, in accordance wxth 
application of an electric field, its optical appearance from a 
transparent state to a cloudy state and vice versa through phase 
transition between its nematic phase and its cholesteric phase. 
Furthermore in place of liquid crystals. suitable light 
influencing materials are also utilized in the same purpose such 
as electrophoresis dispersions which are prepared by dispersing 
pigment particles in an organic liquid which has been, colored. by a 
dye If grey scale is desired, a plurality of frames are given to 
one image to be displayed and selected pixels are. actuated only xn 
a fewer frames than the given frames in accordance with the 
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desired grey tone. 

The present invention can be applied to displays utilizing 
other types of semiconductor devices such as germanium or 
si licon/germanium <Si x O. M > semiconductor devices, in which case 
the thermal, treatment can be done at temperatures approx. 100 
lower than those used for silicon semiconductors in the above 
embodiments. The deposition of such semiconductor can be carried 
out by sputtering in a high energy hydrogen plasma caused by 
optical energy (shorter than 1000 nm wavelength) or electron 
cyclotron resonance (KB). Instead of gases including hydrogen 
m olecules. some hydrogen compounds can be used as the atmosphere 
of sputtering as long as not to be impurity. For example, 
m onosilane or disilane may be used for forming silicon 
semiconductor transistors. Although in the preferred 
embodiments, oxide and semiconductor films ^re deposited 
respectively in separate apparatuses, it is apparently also 
possible to deposit other types of gate insulating films or gate 
electrodes in- a common apparatus. During deposition of oxide 
films, a halogen such as fluorine may be used as an atmosphere of 
sputtering so as to introduce halogen atoms into the oxide films 
in order to effectively prevent alkali metal atoms from getting 
into the film from the glass substrate by virtue of 
neutralization. The same effect can be expected by introduction 
of phosphorus in place of halogens. 

" The present invention can be applied for other types of 
optical devices utilizing semiconductor devices such as image 
sensors, lead elements or three-dimensional elements of 
monolithic integrated semiconductor devices. In the preferred 
embodiments field effect transistors are formed on a glass 
substrate. However, other substrates can be used instead. For 
example, thin film field effect transistors may be form d on a 
silicon substrat in a liquid crystal display or an image sensor 
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device This silicon substrate may be an intrinsic silicon 
substrate, a p-type silicon substrate, an n-type silicon 
substrate, or a silicon substrate in which MOSFETs , bipolar 
transistors,' or the like are provided in the form of IC. An 
insulating -layer is provided between such a substrate and the 
thin film field effect transistors although such ah insulating 
la yer may be dispensed with in the case of the intrinsic silicon 
substrate. 

A gate electrode may be either a single layer electrode or a 
m ulti-layer electrode in a gate insulated field effect transistor 
in accordance with the present invention. The single layer gate 
electrode may be a silicon electrode doped with phosphorus or an 
aluminum electrode. The multi-layer gate electrode may be a two. 
la yer electrode which consists of a lower chromium layer and an 
upper aluminum layer formed thereon or a two-layer electrode 
which consists of a lower silicon layer doped with phosphorus and 
an upper metallic or metal silicide layer formed thereon. The 
aluminum single layer electrode and the upper aluminum layer can 
be formed by sputtering an aluminum target. The silicon single 
la yer electrode and the lower silicon layer can be formed by low 
pressure CVD or by sputtering a silicon target doped with 
phosphorus. The lower chromium layer can be formed by sputtering 
a chromium target. The metallic layer may be a molybdenum layer 
formed by sputtering a molybdenum target, a wolfram layer formed 
by sputtering a wolfram target, a titanium layer formed by 
sputtering a titanium target, or an aluminum layer formed by 
sputtering an aluminum target. The metal silicide layer may be a 
MoSi 2 layer formed by sputtering a MoSi 2 target, a WSi 2 layer 
formed by sputtering a WSi 2 target, or a TiSi 2 layer formed by 
sputtering a TiSi 2 target. Although the production method claims 
as provided infra include several steps, the order of these steps 
can be changed in accordance with the practical cases and should 
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not limit the scope of patent. 
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